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Abstract: Purpose: This study aimed to explore effects of dexmedetomidine pretreatment on heme oxygenase-1 
(HO-1) expression and oxidative stress during one-lung ventilation (OLV) in lung cancer patients. Methods: Fifty 
patients with lung carcinoma (ASA I-II, 40-65 years old, body mass index [BMI] < 30 kg/m2) undergoing pulmonary 
lobectomy were enrolled. They were divided randomly into two equal groups before anaesthesia induction to receive 
either intravenous injection of 1 μg/kg dexmedetomidine for 20 min (Dexmedetomidine) or not (Control). Results: 
The results showed no difference in heart rate (HR), mean arterial pressure (MAP) and bispectral index (BIS) be-
tween the two groups, as well as liquid intake and output volume (LIO), duration of OLV and time from surgery 
beginning to excision of pathological tissues (P > 0.05). Levels of tumor necrosis factor (TNF-α) and malondialde-
hyde (MDA) in Dexmedetomidine group were lower than that of Control at OLV 60 and 90 (P < 0.05). Superoxide 
dismutase (SOD) activity and the expression level of HO-1 were higher in Dexmedetomidine group than in Control 
(P < 0.05). Conclusions: Dexmedetomidine pretreatment could upregulated expression of HO-1 in lung tissue and 
reduce oxidative stress and inflammation during OLV. Thus dexmedetomidine played a role in protecting lung injury 
by promoting HO-1 expression.
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Introduction

Despite its wide application in thoracic surgery, 
one lung ventilation (OLV) also has some nega-
tive effects on patients, such as hypoxemia, 
acute hypoxic pulmonary vasoconstriction, and 
ischemia-reperfusion injury [1-4]. Among them, 
lung ischemia/reperfusion injury is often relat-
ed to enhanced oxidative stress, increased oxy-
gen free radicals, strengthened lipid peroxida-
tion and declined ability to antioxidant of body 
[5]. The accumulated oxygen free radicals 
cause damages to pulmonary capillary endo-
thelial cells and alveolar epithelial cells, leading 
to lung exudation and edema [6]. Furthermore, 
longtime inhalation of high concentration of 
oxygen can also cause oxidative stress and 
lead to lung damage [7].

The stress response caused by ischemia/
reperfusion not only leads to cell damage and 

death, but also induces the expression of vari-
ous of special genes and synthesis of the 
stress-related proteins [8], including heme oxy-
genase (HO), which plays a protective role in 
stress reaction to such as ischemia and reper-
fusion [9]. One protein HO-1 has been proved 
with a protective effect by anti-inflammatory, 
anti-oxidant and anti-apoptosis [9].

In recent years, it has been recognized that 
there was a close relationship between oxygen 
free radicals and anesthesia [10]. Dexmede- 
tomidine as a sedative, has many advantages 
of inhibiting sympathetic activities, stabilizing 
haemodynamics [11-13], anti-inflammatory and 
organ protection [14, 15]. Therefore, it was 
hypothesis that dexmedetomidine have an 
effect on the oxidative stress by HO-1 regula-
tion. In this study, a randomized controlled trial 
was designed to evaluate the effects of dexme-
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detomidine pretreatment on the expression of 
HO-1 and oxidative stress during OLV in lung 
cancer patients.

Methods

Patients

A total of 50 patients with lung carcinoma (ASA 
I-II, 40-65 years old, body mass index [BMI] < 
30 kg/m2) undergoing elective pulmonary 
lobectomy were enrolled in this study. All pa- 
tients required open thoracotomy for lung sur-
gery and OLV. Exclusion criteria included uncon-
trolled hypertension (baseline blood pressure ≥ 
160/100 mmHg), serious liver and kidney dys-
function, heart diseases (such as severe coro-
nary heart disease, cardiac arrhythmias), his-
tory of neurological and psychiatric disease, 
endocrine and immune system disease history, 
and history of alcoholism or drug abuse. All the 
patients received no medication before opera-
tion, and the ones with pulse oxygen saturation 
(SPO2) < 95% after OLV were also excluded. 
This study was approved by the Ethics 
Committee of Taian City Central Hospital and 
all the patients signed the informed consents.

Anesthesia method

All patients received 0.07 mg/kg i.m. midazol-
am half an hour before surgery. The vein of left-
side upper extremity was opened. Routine 
monitoring was applied preoperatively includ-
ing electrocardiogram (EGG), a right internal 
jugular vein catheter for continuous central 
venous pressure (CVP) monitoring, a left radial 
artery catheter for blood pressure monitoring 
and arterial blood gas sampling, heart rate (HR) 
and bispectral index (BIS). These patients were 
divided randomly into two equal groups before 
induction of general anaesthesia to receive 
either intravenous injection of 1 μg/kg dexme-
detomidine (4 μg/ml; Batch No. 12101934; 
Hengrui Medical Co., LTD, China.) for 20 min 
(Dexmedetomidine group) or not (Control 
group). Then general anesthesia was induced 
with 0.4 μg/kg sufentanil and 2 mg/kg propo-
fol. When BIS value decreased to 50-55, 0.6 
mg/kg rocuronium bromide was injected. A left-
side double lumen tube (Robertshaw, USA) was 
inserted after 90 s and connected to an anes-
thesia apparatus (Drager, Fabius, Germany) for 
mechanical ventilation after confirmed position 
by fiber bronchoscope (BFS) and auscultation. 

Parameter settings included tidal volume (VT) 
of 8-9 ml/kg, respiratory frequency (f) of 10-12 
breaths/min, inspiratory/expiratory ratio (I:E) of 
1:2, oxygen flow of 2 L/min, fraction of inspired 
oxygen (FiO2) of 100%, and end-tidal CO2 partial 
pressure (PETCO2) of 35-45 mmHg.

Anesthesia was maintained with a continuous 
intravenous infusion of 0.10-0.20 μg/(kg min) 
remifentanil and 3-8 mg/(kg h) propofol, and 
intravenous infusion of 0.15 mg/kg rocuronium 
bromide was given discontinuously for muscle 
relaxation. At the beginning of OLV, respiration 
parameters were regulated to VT of 5-7 ml/kg, 
f of 14-18 breaths/min, SPO2 maintained at 
95-100%, PETCO2 maintained at 35-45 mmHg, 
FiO2 of 100%, and BIS maintained at 45-65. 
During the operation, HR was maintained at 
50-100 breaths/min. The variations in mean 
arterial pressure (MAP) were maintained within 
20% of baseline values, and atropine, urapidil 
and ephedrine were used when necessary.

Conventional indices observation

The values of MAP, HR and BIS were recorded 
respectively at baseline (5 min after arrival to 
the operating room), the time immediately 
before intubation, 1 min after intubation, the 
beginning and the end of OLV. The duration of 
OLV, the time and liquid intake and output vol-
ume (LIO) from surgery beginning to excision of 
pathological tissues were also recorded.

Determination of oxidative stress indicators

The blood samples were collected from jugular 
vein at 5 min after arrival to the operating room 
(Baseline), 30 (OLV 30), 60 (OLV 60) and 90 min 
(OLV 90) after OLV, with the supernatant to be 
tested. Analyses for superoxide dismutase 
activity (SOD) and malondialdehyde (MDA) were 
conducted using colorimetric procedures with 
commercially available kits (Nanjing Jian Cheng 
institute of Bio-engineering, Nanjing, China) 
according to previous research [16, 17]. The 
concentration of tumor necrosis factor-α (TNF-
α) was measured by ELISA [18].

Measurement of HO-1 expression

The abnormal lung tissue from excisional path-
ological lung tissues during surgery was cut off 
at the size of 3 cm × 3 cm × 3 cm above 5 cm 
away from the tumor. The tissue was splited 
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with cell lysate followed by ultrasonication. The 
supernatant was obtained by centrifugation at 
4°C and detected for protein by Lowry method 
[19]. Western blot was performed to detect the 
expression of HO-1 in the abnormal lung tissue. 
The relative expression level was shown as the 
ratio of HO-1 and GAPDH (reference) average 
gray values.

Statistical analyses

All the data were expressed as mean ± stan-
dard deviation (SD). Data at the same time 
point were analyzed by t test for intergroup 
comparisons. Data at different time points 

were analyzed by one-way analysis of variance 
(ANOVA) for intragroup comparisons followed 
by post hoc pairwise comparisons using LSD 
test. All analyses were performed using SPSS 
15.0 (SPSS, Inc., Chicago, IL, USA) and differ-
ences were considered statistically significant 
with P < 0.05.

Results

Conventional indices analysis

There was no difference in demographic char-
acteristics between Dexmedetomidine and 
Control groups, including patients’ age, gender 
and BMI (P > 0.05, data not shown). Meanwhile, 

Table 1. Changes in mean arterial pressure (MAP), heart rate (HR) and bispectral index (BIS) values 
during operation

Monitoring indices Groups (n = 50) Baseline Before  
intubation

After  
intubation

Beginning  
of OLV End of OLV

MAP (mmHg) Dexmedetomidine (n = 25) 101 ± 8 93 ± 10 102 ± 6 98 ± 9 94 ± 11

Control (n = 25) 96 ± 7 95 ± 9 105 ± 10 94 ± 8 97 ± 12

HR (breaths/min) Dexmedetomidine (n = 25) 73 ± 8 62 ± 10 74 ± 11 70 ± 9 68 ± 7

Control (n = 25) 75 ± 6 68 ± 9 78 ± 12 74 ± 7 70 ± 5

BIS value Dexmedetomidine (n = 25) 93.21 ± 2.2 51.34 ± 3.1 54.10 ± 1.1 52.34 ± 2.1 49.25 ± 3.0

Control (n = 25) 92.18 ± 1.16 53.18 ± 2.10 55.45 ± 2.11 54.21 ± 1.18 50.28 ± 2.34
OLV: One lung ventilation. A t test was used to analyze the differences between Dexmedetomidine and Control groups at the same time point. There was no difference in 
the MAP, HR and BIS values between the two groups (P > 0.05).

Table 2. Duration of OLV, the time and LIO from surgery beginning to excision of pathological tissues 
between the Dexmedetomidine and Control groups during operation

Item
Groups (n = 50)

Dexmedetomidine (n = 25) Control (n = 25)
Duration of OLV (min) 62 ± 11 58 ± 13
Time from surgery beginning to excision of pathological tissues (min) 74 ± 12 75 ± 9
LIO (mL) 740 ± 30 780 ± 20
OLV: One lung ventilation. LIO: Liquid intake and output volume. A t test was used to analyze the differences between Dexme-
detomidine and Control groups. There was no difference in the duration of OLV, the time and LIO from surgery beginning to exci-
sion of pathological tissues between the two groups (P > 0.05).

Table 3. Tumor necrosis factor-α (TNF-α), superoxide dismutase activity (SOD) and malondialdehyde 
(MDA) at different time points
Monitoring Index Groups (n = 50) Baseline OLV 30 OLV 60 OLV 90
TNF-α (ng/L) Dexmedetomidine (n = 25) 16 ± 4 20 ± 6 24 ± 5*,# 26 ± 7*,#

Control (n = 25) 14 ± 5 18 ± 3 34 ± 7* 38 ± 4*

MDA (nmol/mL) Dexmedetomidine (n = 25) 4.85 ± 0.19 4.92 ± 0.20 5.80 ± 0.45*,# 7.01 ± 0.38*,#

Control (n = 25) 4.17 ± 0.17 4.89 ± 0.18 6.75 ± 1.10* 8.11 ± 1.20*

SOD (U/mL) Dexmedetomidine (n = 25) 465 ± 35 444 ± 47 421 ± 34*,# 409 ± 36*,#

Control (n = 25) 453 ± 42 438 ± 55 366 ± 54* 312 ± 33*

*Compared with Baseline, P < 0.05. #Compared with Control group, P < 0.05. Data at the same time point were analyzed by t 
test for between-group comparisons. Data at different time points were analyzed by one-way analysis of variance (ANOVA) for 
intro-group comparisons.
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dexmedetomidine pretreatment had no effects 
on the MAP, HR and BIS values at each time 
point compared with Control group (P > 0.05, 
Table 1). Furthermore, no difference was ob- 
served in the duration of OLV, the time and LIO 
from surgery beginning to excision of pathologi-
cal tissues between the two groups (P > 0.05, 
Table 2).

Detection of TNF-α, MDA, SOD and HO-1 levels

Despite significant increase in TNF-α and MDA 
levels of both Dexmedetomidine and Control 
groups at OLV 60 and 90 compared with 
Baseline (P < 0.05), TNF-α and MDA levels of 
Dexmedetomidine group were lower than that 
of Control at the two time points (P < 0.05, 
Table 3). Both Dexmedetomidine and Control 
groups had decreased SOD activities during 
OLV (P < 0.05) compared with Baseline, how-
ever, SOD activities in Dexmedetomidine group 
was higher than Control at each time point of 
OLA, significantly at OLV 60 and 90 (P < 0.05). 
As shown in Figure 1, the relative expression 
level of HO-1 in Dexmedetomidine group (0.334 
± 0.05) was significantly higher than that of 
Control (0.125 ± 0.15, P < 0.05).

Discussion

During OLV, hypoxemia and ischemia-reperfu-
sion injury often occur, and cause enhanced 
oxidative stress and secretion of many kinds of 
cytokines [5]. As previous researches reported 

a protective effect of HO-1 and its metabolites 
by anti-inflammatory, anti-oxidant and anti-
apoptosis [9, 20] and a close relationship 
between oxygen free radicals and anesthesia 
[10], this study evaluated the effects of dexme-
detomidine pretreatment on oxidative stress 
reaction and HO-1 expression during OLV in 
lung cancer patients, in order to explore the 
mechanisms by which dexmedetomidine pro-
tect organ.

TNF-α is an important inflammatory cytokine 
and plays an initiative role in the development 
of inflammatory reactions [21, 22]. MDA con-
tent and SOD activity are the indices of oxida-
tion-antioxidant balance, which could reflect 
the degree of oxidative stress in the process of 
cerebral ischemia/reperfusion injury [23]. In 
this study, the levels of TNF-α and MDA in 
Dexmedetomidine group were lower than that 
of Control group at OLV 60 and 90, and the SOD 
activity was also higher than Control at each 
time point of OLV. Our results suggested that 
dexmedetomidine pretreatment could alleviate 
the inflammatory reaction and oxidative stress 
reaction caused by OLV, which was consistent 
with previous studies [24]. Therefore, it seemed 
that dexmedetomidine could alleviate the lung 
ischemia/reperfusion injury and protect the 
lung tissue.

HO-1 is the only inducible enzyme among the 
three HO isozymes and could be induced by 
many factors, such as hemoglobin, heavy 
metal, cytokines, hypoxia, H2O2, high tempera-
ture and ultraviolet radiation [25], all of which 
could cause oxidative stress [26]. It has been 
found that HO-1 over-expression could reduce 
the ischemia/reperfusion injury, and the animal 
with HO-1 gene knockout is more sensitive to 
ischemia/reperfusion injury [27]. The results 
showed that the HO-1 expression level in abnor-
mal lung tissue of Dexmedetomidine group was 
significantly higher than that of Control, indicat-
ing that dexmedetomidine could protect against 
inflammatory and oxidative stress reactions by 
promoting the expression of HO-1. Deng et al 
[28] also explored the levels of IL-1 beta, IL-10, 
TNF-α, MDA, myeloperoxidase (MPO) and xan-
thine oxidase (XOD) during OLV and found that 
dexmedetomidine showed protection effects 
on lung via limiting extent of inflammatory and 
redox reactions, which was consistent with our 
result. Another study proved that dexmedeto-
midine might protect the lung from ischemia-

Figure 1. The relative expression levels of heme 
oxygenase-1 (HO-1) protein in the abnormal lung tis-
sue of Dexmedetomidine (D) and Control (C) groups. 
Data were shown as the ratio of HO-1 and GAPDH 
(reference) average gray values.



Effects of dexmedetomidine during OLV

3148	 Int J Clin Exp Pathol 2015;8(3):3144-3149

reperfusion injury in patients undergoing OLV 
through decreasing the activity of plasma XOD 
and MPO and the number of polymorphonucle-
ar leukocytes (PMN) [29]. However, the specific 
mechanism of dexmedetomidine during OLV 
was still controversial. Hofer S et al [30] report-
ed that dexmedetomidine inhibited sympathet-
ic activity by activating α2 adrenergic receptors 
and cholinergic anti-inflammatory pathway. Gu 
J et al [31] found that dexmedetomidine could 
reduce the expression of intercellular adhesion 
molecule-1 (ICAM-1) and MPO activity to relieve 
the lung damage caused by renal ischemia/
reperfusion injury. They also suggested that 
dexmedetomidine could target on phosphatidyl 
inositol-3 kinase (PI3K-Akt) signaling pathway 
through α2 receptor to reduce the apoptosis, 
inhibit the release of high mobility family pro-
tein B1, and then inhibit the Toll-like receptor-4 
signal transduction, to protect against renal 
ischemia/reperfusion injury. In our study, it was 
demonstrated that dexmedetomidine played a 
role in protecting lung injury by promoting the 
expression of HO-1. Thus, further researches 
were needed to explore the functional mecha-
nism and pathway of dexmedetomidine during 
OLV.

Several limitations to this study must be 
addressed. First, the cases of patients were 
insufficient, and the statistical accuracy might 
exist. Second, our single-hospital experience 
wasn’t generalized to the broader community. 
Hence, further experimental research might be 
needed on a larger number of patients with 
lung carcinoma from several hospitals.

In conclusion, dexmedetomidine pretreatment 
could promote the expression of HO-1 in lung 
tissue and reduce oxidative stress and inflam-
mation during OLV. Therefore, it seemed that 
dexmedetomidine has a protective effect on 
lung ischemia/reperfusion injury caused by 
OLV.
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